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Abstract 



An isotopomer absorption spectral analyzing apparatus and its method for precisely measuring the isotope 
ratio by substantially equalizing the absorption signal levels of different species of isotopes. In an isotopomer 
absorption spectral analyzing apparatus, a sample cell (21 ) capable of providing optical paths of different 
optical lengths is installed, optical beams A, B are caused to enter the sample cell (21) and travel along 
paths of different optical lengths, thereby determining the abundance ratio between species of isotopes in 



molecules from the ratio between intensities of signals corresponding to the species of isotopes. 
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(54) ISOTOPOMER ABSORPTION SPECTRAL ANALYZER AND ITS METHOD 



(57) An isotopomer absorption spectral analyzing 
apparatus and its method for precisely measuring the 
isotope ratio by substantially equalizing the absorption 
signal levels of different species of isotopes. In an iso- 
topomer absorption spectral analyzing apparatus, a 
sample cell (21) capable of providing optical paths of 



different optical lengths is installed, optical beams A, B 
are caused to enter the sample cell (21) and travel along 
paths of different optical lengths, thereby determining 
the abundance ratio between species of isotopes in mol- 
ecules from the ratio between intensities of signals cor- 
responding to the species of isotopes. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to an isotopomer 5 
absorption spectral analyzing apparatus and method for 
precisely assaying an isotopomer — a molecule contain- 
ing an isotope — for inferring the origin thereof, contem- 
plating applications in scientific fields, including environ- 
mental analysis; applications in the medical field, includ- 
ing diagnosis; and applications in other fields. 

BACKGROUND ART 

[0002] Conventional absorption spectral analyzing 
apparatuses employ a sample cell having a single opti- 
cal path. 

DISCLOSURE OF THE INVENTION 

[0003] Therefore, when the isotope abundance ratio 
(the abundance ratio between two isotopes) deviates 
greatly from 1 : 1 , a great difference is present between 
the levels of absorption signals corresponding to the iso- 
tope species J depending on the species of the isotopes. 
For example, in the case of naturally occurring CH 4 , the 
abundance ratio of 12 CH 4 to 13 CH 4 is approximately 
100: 1, and therefore, the absorption signal level 
of 12 CH 4 is approximately 1 00 times that of 13 CH 4 , mak- 
ing precise measurement of the isotope ratio difficult. 
[0004] The present invention has been accomplished 
so as to solve the aforementioned problem. Thus, an 
object of the present invention is to provide an iso- 
topomer absorption spectral analyzing apparatus and 
method which enable absorption signals corresponding 
to different isotopes to assume substantially the same 
level, to thereby enable precise measurement of the iso- 
tope ratio. 

[0005] In order to achieve the above objects, the 
present invention provides the following. 

[1 ] An isotopomer absorption spectral analyzing ap- 
paratus, characterized in that a sample cell capable 
of providing optical paths of different optical lengths 
is installed; at least two optical beams are caused 
to enter the sample cell such that the optical beams 
travel along optical paths of different optical path 
lengths; and the abundance ratio between species 
of isotopes in molecules is determined from the ratio 
between intensities of absorption signals corre- 
sponding to the species of isotopes. 
[2] An isotopomer absorption spectral analyzing ap- 
paratus as described in [1 ], wherein the at (east two 
optical beams are emitted from a single light source 
of variable-wavelength type or from a plurality of 
light sources of fixed-wavelength type or variable- 
wavelength type. 

[3] An isotopomer absorption spectral analyzing ap- 



paratus as described in [1], wherein the sample cell 
is a multiple-reflection absorption cell having paired 
reflection mirrors. 

[4] A method of isotopomer absorption spectral 
analysis, characterized in that a sample cell capa- 
ble of providing optical paths of different optical 
lengths is used in order to substantially equalize lev- 
els of absorption signals corresponding to species 
of isotopes, to thereby enable precise measure- 
ment of the abundance ratio between the species 
of isotopes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

FIG. 1 shows the configuration of an isotopomer ab- 
sorption spectral analysis system according to one 
embodiment of the present invention. 
FIG. 2 shows a modification of the light source used 
in the isotopomer absorption spectral analysis sys- 
tem according to the embodiment of the present in- 
vention. 

FIG. 3 shows a modification of the cell used in the 
isotopomer absorption spectral analysis system ac- 
cording to the embodiment of the present invention. 

BEST MODES FOR CARRYING OUTTHE INVENTION 

[0007] A mode for carrying out the present invention 
will next be described in detail with reference to the 
drawings. 

[0008] FIG. 1 is shows the configuration of an iso- 
topomer absorption spectral analysis system according 
to one embodiment of the present invention. The system 
is based on laser spectroscopy employing a plurality of 
optical paths. 

[0009] In FIG. 1, reference numeral 1 represents a 
first frequency controlling/modulating unit; reference nu- 
meral 2 represents a first laser diode LD^ reference nu- 
merals 3, 4, and 5 represent reflection mirrors; reference 
numeral 6 represents a first optical detector D^ refer- 
ence numeral 7 represents a first signal demodulator; 
reference numeral 11 represents a second frequency 
controlling/modulating unit; reference numeral 12 rep- 
resents a second laser diode LD 2 ; reference numerals 
13, 14, 15, and 16 represent reflection mirrors; refer- 
ence numeral 1 7 represents a second optical detector 
D 2 ; reference numeral 18 represents a second signal 
demodulator; reference number 19 represents a signal 
processor; reference numeral 21 represents a long-op- 
tical-path cell (sample cell: multiple-reflection absorp- 
tion cell); reference numerals 22 and 23 represent 
paired reflection mirrors; reference number 31 repre- 
sents an inspection sample (in which the abundance ra- 
tio of 12 CH 4 to 13 CH 4 is unknown); reference number 32 
represents a reference material (in which the abun- 
dance ratio of 12 CH 4 to 13 CH 4 is known); and reference 
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numerals 33, 34, and 35 represent open-close control 
valves. In the long-optical-path cell 21 , a longer optical 
path is represented by a continuous line, and a shorter 
optical path is represented by a dotted line. The optical 
path length (determined by the number of times of re- 5 
flection) is set through adjustment of the incident angle 
of the relevant optical beam and/or the angles of mirrors. 
[0010] Optical beams A and B from the light sources 
are caused to enter, at different angles, the long-optical- 
path cell 21 serving as a multiple- reflect ion absorption io 
cell and equipped with paired reflection mirrors 22 and 
23, so that the optical beams A and B travel along optical 
paths of different lengths; e.g., 1 m and 100 m. Thus, 
an optical path difference suited for measuring the abun- 
dance ratio of a sample can be provided. 1$ 
[0011] The abundance of an isotopomer (isotope- 
containing molecule) varies greatly in accordance with 
its origin and other factors. Accordingly, through precise 
measurement of the isotopomer abundance ratio of 
samples collected from many places in the world, for- 20 
mation, transfer, and disappearance of environmental 
substances can be analyzed in detail. 
[001 2] The present invention provides highly effective 
analysis means which supplements mass analysis con- 
ventionally employed for isotopomer analysis. In the 25 
method of the present invention, the ratio of the absorp- 
tion signal of one isotopomer to that of another iso- 
topomer is measured and compared with the same ratio 
of the reference material 32, 

[0013] The 13 CH 4 / 12 CH 4 ratio of methane contained 30 
in the atmosphere was measured. The ratio is known to 
be approximately 1/100. Thus, in order to obtain abso- 
lute absorption signals of substantially the same level, 
there may be employed either one of the following meth- 
od (1) or (2): method (1) employing combination of a 35 
strong incident beam to be absorbed by 13 CH 4 and a 
weak incident beam to be absorbed by 12 CH 4 , or meth- 
od (2) employing two strong beams and causing them 
to travel along optical paths of different optical path 
lengths. In the present embodiment, the ratio was meas- 40 
ured in accordance with the aforementioned method (2) 
by use of the method and analyzing apparatus of the 
present invention equipped with a modified Herriott 
long-optical-path cell (product of New Focus) and two 
wavelength-stabilized semiconductor lasers (laser di- *s 
odes). The provided optical path lengths are 100 m and 
1.1 m. 

[0014] In the above embodiment, optical beams are 
generated by use of a plurality of light sources. Alterna- 
tively, as shown in FIG. 2, a plurality of optical beams so 
may be generated by use of a single light source (laser 
diode LD) 42 and a semitransparent mirror for dividing 
a beam from the light source. In FIG. 2, reference nu- 
meral 41 represents a frequency controlling/modulating 
unit, and reference numerals 44 and 45 represent re- ss 
flection mirrors. Elements identical to those shown in 
FIG. 1 are represented by the same reference numerals 
as shown in FIG. 1 , and repeated description thereof is 



omitted. 

[0015] The aforementioned embodiment uses a cell 
including reflection mirrors, thereby providing a plurality 
of optical paths of different optical lengths. However, the 
structure of the cell is not limited to the aforementioned 
structure, and a cell as shown in FIG. 3; i.e. , a cell having 
a short optical path portion 51 and a long optical path 
portion 52, may also be employed. 
[0016] The present invention is not limited to the 
above-described embodiment. Numerous modifications 
and variations of the present invention are possible in 
light of the spirit of the present invention, and they are 
not excluded from the scope of the present invention. 
[0017] As described in detail hereinabove, in the 
present invention, through employment of a sample cell 
capable of providing a plurality of optical paths of differ- ^ 
ent optical lengths, the levels of absorption signals cor- 
responding to isotope species can be substantially 
equalized in order to enable precise measurement of the 
isotope abundance ratio. 

INDUSTRIAL APPLICABILITY 

[0018] The present invention enables precise assay 
of an isotopomer — a molecule containing an isotope — 
for inferring the origin thereof. The invention is expected 
to find applications in scientific fields, including environ- 
mental analysis; and in medical fields including diagno- 
sis. 



Claims 

1 . An isotopomer absorption spectral analyzing appa- 
ratus, characterized in that 

(a) a sample cell capable of providing optical 
paths of different optical lengths is installed; 
and 

(b) at least two optical beams are caused to en- 
ter the sample cell such that the optical beams 
travel along optical paths of different optical 
path lengths, and the abundance ratio between 
species of isotopes in molecules is determined 
from the ratio between intensities of absorption 
signals corresponding to the species of iso- 
topes. 

2. An isotopomer absorption spectral analyzing appa- 
ratus as described in claim 1 , wherein the at least 
two optical beams are emitted from a single light 
source of variable-wavelength type or from a plural- 
ity of light sources of fixed-wavelength type or var- 
iable-wavelength type. 

3. An isotopomer absorption spectral analyzing appa- 
ratus as described in claim 1 , wherein the sample 
cell is a multiple-reflection absorption cell having 
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paired reflection mirrors. 

A method of isotopomer absorption spectral analy- 
sis, characterized in that a sample cell capable of 
providing optical paths of different optical lengths is 
used in order to substantially equalize levels of ab- 
sorption signals corresponding to species of iso- 
topes, to thereby enable precise measurement of 
the abundance ratio between the species of iso- 
topes. 
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